
in the diffusion of knowledge, and this it can not do
without a closer investigation of problems that come

within its sphere. Municipal and state laboratories have
a further duty than the making of routine examinations,
and should engage in some form of investigation.
In the perfect organization of the clinical depart-

ments affiliated with European hospitals our confrères
across the sea further illustrate the tendency of the
newer medicine. The clinical chief with his broad
grasp on the bearing of pathology, physiology and chem-
istry on clinical medicine has associated about him a

corps of laboratory workers who, by well-directed inves-
tigation, give to the German clinic particularly the
prominence which it enjoys to-day.
It is generally recognized that the many interesting

problems confronting the medical investigator to-day
permit of elucidation and study often better in the liv-
ing, at the bedside, than by autopsy study or other path-
ologic methods, and in this connection it can be stated
that the most significant advances in pathology are

being made in the study of the nature and mode of ac-
tion of the causes of disease. There is reason to believe
that the contributions to pathologic and physiologic
knowledge during the next decade will come as freely
from the clinical worker as the purely laboratory inves-
tigator.
It is but a matter of recent memory when our entire

conception of pathology consisted of the study of mor-
bid anatomy or histologie lesions. As the scientific
viewpoint of pathology has enlarged physiology and
physiologic chemistry have been accorded their due rec-

ognition as most important factors in advancing the
knowledge of the nature of disease processes, the latter,
in fact, having largely overshadowed the former. It is
a further significant fact that in a process like diabetes
with an unknown morbid anatomy our knowledge of the
pathologic physiology or the metabolic and functional
disturbances is more complete than in many disease
conditions with definite lesions.
An alliance of pathology with experimental thera-

peutics opens up a field for interesting and profitable
research for specific chemical studies. Physical chem-
istry offers an encouraging prospect of shedding new

light on many obscure biologic phenomena. Giving to
pathologic and physiologic study a broader meaning but
indicates the wider application of the methods of true
science in all lines of medical work; it is suggestive of
that greater seeking for truth, to get at the root of
problems which is so peculiar to our time, all with the
common goal to learn more of the nature, prevention
and the cure of disease.
It is gratifying to note how with each year the range

of problems of successful attack by the American lab-
oratory is increasing, yet there is need to emphasize that
continued medical cooperation is essential in all inves-
tigative work if we would keep scientific medicine in
America on a par with that of the old world.

Tuberculosis.—Tuberculosis is a house disease. The battle is
in our own hands. We must meet it squarely and bravely,
like men. It is not to be overcome by fear, and we use the
word advisedly, by fear either of the disease or of loss of in-
come from our investments, should we build suitable habita-
tions for those who must, from force of circumstances, live in
the evermore crowded districts of our great cities. In these
localities men have deemed life of less value than money, and
such views mean dark, ill-ventilated dwellings and disease.—
Journal of ilie Outdoor Life.

THE RELATION OF THE CIRCUMLENTAL
SPACE TO THE CAUSATION OF GLAU-
COMA AS SHOWN BY THE WURDE-

MANN LAMP.
JOHN A. TENNEY, M.D.

BOSTON.

It is obvious that this disease is caused either by ex-

cessive secretion in the eye, or by obstruction in its out-
lets, or both.
Hippocrates applied the term glaucoma to all opacities

behind the pupil. Taught by dissection, Brisseau1 was
the first to announce in 1709 that, while cataract was an
opacity of the lens, glaucoma was a similar affection of
the vitreous humor; therefore, no operation could afford
relief. Mackenzie early in the last century recognized
the disease as one of pressure, stating that:2
A morbid secretion, of the origin of which we can give no ac-

curate account, fills the cavity of the retina, but, like other
morbid productions, is not furnished with the apparatus of re-
moval, necessary for keeping its quantity in equilibrio. Hence
the unnatural firmness of the glaucomatous eye, a symptom
that often increases to such a degree that the organ is felt to
be of a stony hardness.
Von Graefe believed the pressure was due to a cho-

rioiditis with exudation. When the invention of the
ophthalmoscope showed that the chorioid did not show
any anatomic changes in this tissue he assumed that
there was a serous exudation present. Donders ascribed
the increased pressure to irritability of the ciliary
nerves, causing excessive secretion from the chorioidal
vessels. Stellwag believed the starting point of the dis-
ease to be an increased pressure in the intraocular blood
vessels, obstructing the vortical veins where they make
a sharp turn at their exit from the globe.
In support of the exudation theory Beltman3 recently

reported a case of chronic glaucoma associated with an
enormous telangiectasia of the face, and dilatation of
the external blood vessels of the eye, narrowing of the
field of vision, increased tension and pain. The glau-
comatous pressure was most severe just before the men-
strual period, when the blood pressure is known to be the
greatest. He held that a corresponding dilatation of
the chorioidal vessels increased the secretion of fluids in
the eye.
In 1873 Leber4 showed that the path of the aqueous

humor is from the ciliary processes through the pupil
to the spaces of Fontana, called the filtration angle of
the eye. Three years later Knies and Weber5 inde-
pendently found closure of the filtration angle, and of
the canal of Schlemm in most cases of chronic glaucoma.
This discovery gave a great impetus to the retention
theory. It should be noted that in most cases of acute
glaucoma these outlets are unobstructed.
Ring8 saw glaucoma lighted up by the instillation of

euphthalmin solution into the eye. We are told not to
use atropin, cocain or even adrenalin in solution where
there is a tendency to glaucoma, through fear of com-
pressing the filtration angle; but only recently I

Read in the Section on Ophthalmology of the American Medi-
cal Association at the Fifty-eighth Annual Session, held at At-
lantic City, June, 1907.

1. Mackenzie (William): Diseases of the Eye, 1833, 583.
2. Ibid., 586.
3. Congenital Telangiectasia of the Eyes as a cause of Simple

Glaucoma, Graefe's Arch. f. Ophth., lix, 502.
4. von Graefe's Archiv. xix, No. 2, 87.
5. Ibid., xxii, No. 3, 163, and xxiii, No. 1, 1.
6. Glaucoma from Euphthalmin, Trans. Am. Ophthal. Soc., 1903.
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had a patient with acute glaucoma referred from a

physician, who had used a solution of atropin for the
intolerable pain, thinking he was dealing with a case
of iritis. The pain soon subsided, vision was reduced to
fingers, but gradually rose to 3/50. When an operation
was suggested the patient dropped out.
Intraocular tumors produce secondary glaucoma by

causing increased pressure in the vitreous, while pos-
terior synechise, anterior staphyloma from injuries, dislo-
cation of the lens, and serous cyclitis obstruct the outlets'
of the eye, the latter clogging the filtration angle with
albuminous fluid.
Sala found an excess of albumin in the aqueous

humor in two cases of contusion of the eyeball, followedby glaucoma.7 Peters8 corroborated this by citing four
cases of glaucoma after contusion, with the aqueous
loaded with albumin. He suggested that the traumatism
caused paralysis of the ciliary body and consequently an
increased secretion of albumin, impeding filtration.
Bartels9 incised the conjunctiva in four or five places

in rabbits and dogs, passing threads behind the muscles
from one slit to the next and tying the threads. He pro-
duced a condition similar to acute glaucoma, injection
of the conjunctiva, anesthetic, cornea, wide pupils (ex-
cept in rabbits), and increased tension. There was ab-
sence of obstruction in the filtration angle in all cases.
He concluded that obstruction in the anterior ciliary
venous circulation is the probable cause of glaucoma.
According to Priestley Smith,10 the lens increases in

diameter one-tenth and in volume one-third between
the ages of 20 and 60. He holds that hyperopic eyes
are most liable to the disease, for in these the lens devel-
ops out of proportion to the dimensions of the eye,
pressing against the filtration angle. He claims also that
a narrow cornea goes with a small eye; and in patients
whose corneal diameter is not more than 10 mm., few
escape the disease.
I examined the eyes of 200 persons of all ages to see

to what extent the lens encroached on the ciliary proc-
esses as age advanced. I applied the Würdemann lamp
to the margins of the lids at the outer canthus and looked
obliquely through the pupil. When one eye is affected
with glaucoma, the other may be examined by usingalvpin for a local anesthetic, as it does not increase the
tension of the eye, but rather decreases it. If the ob-
server looks forward far enough into the normal eye, he
sees the ciliary body as a dark ring."11
The space between the rounded margin of the lens andthe ciliary processes is given as 0.5 to 0.6 mm. The

lens being about 9 mm. in diameter, if this diameter were
increased one-tenth, it would come near to the ciliary
processes; then any unusual congestion might cause
trouble.
An eye affected by glaucoma has a narrow circumlental

space, as a matter of course. It is also narrow in all
cases in which, after middle age, thé lens is pushed for-
ward so far as to render the anterior chamber shallow.
This condition is common with people who die of old
age and who never had glaucoma. Since commencingthis line of investigation. I have noticed many cases in
which the anterior chamber was very shallow, and the

7. Glaucoma Following Discission and Contusions of the Eyeball,Klin. Monatsb. f. Augenh., April, 1904.8. Glaucoma After Contusions of the Eye and Its Treatment,Klin. Monatsb. f. Augenh., Dec., 1904.9. Ueber Blutgef\l=a"\ssedes Auges bei Glaukom, und ueber experi-mentelles glaukom durch Versperrung von vorderen Abgef\l=u"\hrendenBlutbahnen, Berlin, S. Karger, 95.
10. Norris and Oliver's System, iii, 650.11. W\l=u"\rdemann (II. V.): Ophth. Rec., November, 1906.

circumlental space also, yet there was no increase of ten-
sion. I have noticed also that the members of a family
in which glaucoma has appeared all have a narrow cir-
cumlental space. I have not seen a case of narrow cor-

nea, all the cases of glaucoma that I have seen having
corneas measuring 11.5 mm. Hyperopia is common, but
some cases are emmétropes.
Priestley Smith, with scientific fairness, remarks,12

"the obstruction at the outlet, discoverable in eyes
blinded by glaucoma, explains the excess of pressure in
the chambers, but it does not reveal the starting point
of the disease." He describes an apparatus for injecting
the eye,13 consisting of two flexible tubes, each being pro-
vided with a pinch tap, and ending in hollow needles.
These tubes are suspended at the same height. The eyes
of a sheep are removed immediately after death and in-
jected while they are still warm. One of the needles is
inserted into the aqueous chamber, and the other into
the vitreous chamber. The fluid in the tubes is a 1
per cent, solution of anilin black. When the tubes are
at the same height, the fluid passes through the filtration
angle, and flows from the cut ends of the episcleral veins.
Now, if the tube connected with the vitreous chamber
is elevated above the other, the process of filtration
stops; the lens and iris advance, and there is no escape
of fluid from the severed veins.
It would seem that chronic glaucoma must be caused

by excessive pressure in the vitreous chamber, caused
by diseased blood vessels in the uveal tract; at the same
time there is probable alteration in the constitution of
the aqueous humor, which blocks up the outlets. We
have seen that this alteration in the fluids produces glau-
coma after traumatism, and in serous cyclitis; and Tron-
coso claims to have found an excess of albumin in eyes
affected by chronic glaucoma. Why may not the ciliary
process secrete albumin when age has changed the char-
acter of the blood vessels ?
If sympathectomy ever relieved the intraocular ten-

sion, it did it through its influence on the circulation in
the chorioid and the ciliary processes. The same must
be said of iridectomy. Tt does not reduce the tension
immediately, showing that its influence'is exerted on the
intraocular circulation. Another thing pointing in the
same direction is the fact that in some cases of irido-
chorioiditis with diminished tension, it is increased by
an iridectomy.14
My thanks are due to Dr. Myles Standish, Dr. H. B.

Chandler and their assistant, Dr. Clap, in the Eye and
Ear Infirmary, for their courtesy in allowing me to ex-
amine their patients.

THE SURGICAL TREATMENT OF CHRONIC
GLAUCOMA.

S. D. RISLEY, A.M., M.D., Ph.D.
PHILADELPHIA.

There is probably no form of ocular disease which has
excited more interest or which affords, in some of its
clinical features, more reasonable opportunity for op-
posing opinions than chronic glaucoma.
Although it is my purpose in this paper to discuss the

surgical treatment of the disease, it is, first of all, impor-
12. Norris and Oliver's System, iii, 633.
13. Ibid., 632.
14. Berry (George): Diseases of the Eye, Art[ill]Glaucoma.
Read in the Section on Ophthalmology of the American Medi-
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